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Urbanization can increase local temperatures compared to rural areas and thus create an urban
heat island phenomenon (UHIP). The UHIP is on the rise as urban cities throughout the world
grow increasingly larger.

Many studies on UHIP have reported characteristics of the UHIP and the relation between
intensity of UHIP and particular meteorological conditions. Average wind speed, cloud cover
and humidity in the urban area have a negative correlation with intensity of the UHIP.

Many studies have also reported widely and successfully measures applied in mitigating the
UHIP using ventilating, wind speed increase and bio-greening (greening with living cover
plants).

Wind results from differences in air pressure that are caused by unequal heating of the Earth’s
surface. Air would flow from areas of high to low pressure. Therefore, country breeze can be
one of measures on mitigating the UHIP. However, it is difficult for wind to pass through urban
center such as forest of skyscrapers.

On the other hand, temperatures around green areas are lower compared to built-up
environments. Bio-greening can be an effective method for reducing UHIP and cooling loads
because plants absorb large amounts of heat for evapotranspiration during the daytime and
inhibit temperature increase of the surrounding air.

In Seoul, Korea, restoration of an inner-city stream affect local thermal and wind environment
affirmatively. However, it is difficult to demolish and rebuild urban structures or buy land,



where already built, to create ventilation path or development park.

Therefore, biowall is a good method and solves problems that are temporal, spatial and
economic restrictions to increase bio-greening ratio in the urban area already densely built.
Moreover, bio-greening can induce temperature difference between bio-greened area and urban
structure. Therefore, it is possible to influence wind built up and its speed by increasing
bio-greening ratio in the urban area, to generate airflow by temperature gradient using the
biowall.

This study is aimed at generating and controlling air flow through the biowall using
computational fluid dynamics (CFD) and neural network inverse model.

In the chapter 2, it is studied evapotranspiration of Sunagoke moss mat in vertical arrangement.
Evapotranspiration efficiency controls the amount of evapotranspiration rate and is one of the
requirements to calculate and predict reduction in cooling loads and UHIP. In order to increase
latent heat effect, bio-greening methods for increasing the evapotranspiration efficiency are
being studied for development and evaluation of bio-greening materials. However,
evapotranspiration efficiency of bio-greening material in vertical installation and horizontal
installation could be different. Hence, there is a need to study the evapotranspiration efficiency
of the bio-greening material for its evaluation as a living bio-greening material for a wall. In this
study, Sunagoke moss (Rhacomitrium japonicum) mat has been used for bio-greening material.
After acclimatization and vertical installation of moss mat, its weight and temperature during 48
hours were measured to calculate evapotranspiration efficiency of the moss mat.
Evapotranspiration efficiency was over 100% (comparing to water) between 3 and 7 hours and
the highest value was about 165%. This evapotranspiration efficiency is higher than other
studies which it is used water retentive pavement system and other greening materials. When
the water content of the mat is between 30% and 70%, the evapotranspiration efficiency showed
over 100% and surface temperature of the mat was little changed at 38°C. After water content of
the mat became below 30%, surface temperature of the mat increased again. This result shows
that the Sunagoke moss mat can be a good material for bio-greening for a wall (biowall)
because it has high evapotranspiration efficiency in the vertical state and can inhibit temperature
rise.

In the chapter 3, change of air flow by biowall pattern through the CFD and a study model were
investigated. After studies of CFD and model, these results were compared. There were four
kinds of greening patterns: i.e. no-greening wall (NG), 50% upper part greening wall (50UG),
50% lower part greening wall (50LG) and 25% upper and lower part greening wall (25G).
Temperature was set to 31°C where biowall, 50°C where no-greening area and 33.5°C in the
space.

In the result, in the case of NG, ascending air flow is observed after moving toward the wall.
50LG showed two kinds of ascending air flow. In the case of 50UG, ascending and descending
air flow caused by temperature difference are observed. 25G showed more various ascending



and descending air flow than 50UG. Results between the CFD and model study was similar.
From results, the bio-greening pattern influences flow of air and that use of CFD simulation can
help to analyze change of air flow caused by various bio-greening patterns.

In the chapter 4, there were six kinds of greening patterns that whole-greening model (WG),
no-greening model (NG), 50% upper part greening model (50UG), 50% lower part greening
model (50LG), 50% separated upper part greening model (25UG) and 50% separated lower part
greening model (25LG) as temperature parameter in the CFD simulation. After CFD simulation,
distribution of temperature and wind velocity at the vertical and horizontal sections were
measured and analyzed.

In the result, NG showed distribution of the highest temperature and lower wind velocity. WG
showed low distribution of temperature and wind velocity. In the case of pattern greening, it is
showed various distribution of wind velocity. However, the high temperature distribution is
observed in the 50UG. 25LG showed distribution of lower temperature and higher wind
velocity.

It was established that the direction and velocity of wind are influenced by temperature gradient
due to biowall position. Furthermore, for satisfying requirements — decreased temperature,
higher wind speed and multidirectional wind — the case of separate greening positions should be
recommended to obtain an acceptable degree.

In the chapter 5, a method of air flow control by greening patterns using inverse model of
artificial neural network (ANN) was investigated.

Data obtained from CFD simulation based on those 20 kinds of greening patterns were inversely
used for training the ANN inverse model. The structure of 3 layered neural network consisted of
two input variables (air velocity in x-y directions), four output variables (four corresponding
surface temperatures of 4 sections on the wall) and a 16 units hidden layer. Eighteen data sets
were generated by the CFD simulator to provide the training data. The training converged with
the learning error of after 100,000 iterations at learning coefficient and momentum of 0.8 and
0.8 respectively.

In order to verify the performance of the developed inverse neural network model, an
experiment was conducted. A desired wind speed as a test was set up which was 0.3m/sec. The
data were fed into the NN model and then the N model gave a pattern which was supposed to
generate the desired air flow in front of the experimental wall with the given bio-greening
pattern. Then actually the air velocity in front of the experimental wall was measured. The
measured value was 0.31 m/sec which was very close to the expected figure.

Based on the final experimental result, the developed ANN inverse model was functional as
expected. It was concluded that the possible utilization of inverse technique with an artificial
neural network employing a dependable CFD data made it possible to develop a software
system to assist a design of biowall for relieving UHIP.
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